In this research work some mathematical models have been simulated to estimate the regression coefficients, which are also known as Angstrom coefficients, with monthly and daily average solar radiation on horizontal surface using bright sunshine hours. This study of solar energy, information on solar radiation and its components at a given location is very essential for scientists, engineers, architects, agriculturists and hydrologists for various applications such as measuring aerosol optical thickness, solar heating, cooking, drying and interior illumination of buildings. But, for developing countries like Bangladesh, we have limitation of sophisticated measuring instruments. So, we have used some latitude based empirical models to calculate an important solar radiation geometry parameter-Angstrom Coefficients for Bangladesh without any help of costly instruments.
INTRODUCTION
Strictly speaking, all forms of energy on the earth are derived from the sun. However, the more conventional forms of energy, the fossil fuels received their solar energy input eons ago and process the energy in a greatly concentrated form. Solar radiation on a ground level horizontal surface is the first input for the performance calculations of solar energy systems. Technology for measurement of solar radiation is costly and has instrumental hazard [1] for many developing countries like Bangladesh. In such cases we need the estimation models which use other climatologically measurements and/or geographical parameters based on readily available meteorological data. For this, several empirical models have been developed to calculate global solar radiation using various parameters. Angstrom [2] developed the earliest model used for estimating global radiation, in which the sunshine duration data and clear sky radiation data were used. Because there may be problems in calculating clear sky radiation accurately, by replacing clear sky radiation with extraterrestrial radiation, this model was modified to a more convenient form by Prescott in 1940 [10] . In this paper a mathematical model has chosen to simulate the availability of solar radiation in Bangladesh using system dynamics methodology. For this, some solar radiation geometry parameters will be frequently used for calculation purpose [7] .
MATERIALS AND METHODS
The solar radiation geometry parameters, we have to consider are followingSolar Constant (I sc ): The rate at which energy is received from the sun on a unit area perpendicular to the rays of the sun at a mean distance of the earth from the sun. The modern value of I sc is 1367 w/m 2 . Where H and H c are the monthly average value of the global solar radiation and theoretical radiation in the cloud free atmosphere, s and S are monthly average bright sunshine hour and day length. Equation (6) was modified by Prescott in 1940 [10] and Page in 1964 [9] . So, the equation (6) will be
Extraterrestrial Radiation (
The coefficients a and b depend on the seasonal and regional parameters and are known as the Angstrom coefficients. The 'a' coefficient can be interpreted as the fraction of the monthly average solar radiation (H/H 0 ) entering the atmosphere when there is a complete cloud cover. The second coefficient 'b' defines the rate of change of H/H 0 with respect to s/S and it is an index of the latitudinal variation of equation (7) [11] . Equation (7) is one of the simplest models used to estimate monthly average daily global radiation on horizontal surface in the modified form of the Angstrom-type equation. But to estimate the coefficients, some latitude (φ) proposed regression models can be considered are given bellow.
Model 1:
Rietveld examined several published values of the a and b from following equations respectively [12] 
Model 2:
Gariepy has reported that the empirical coefficient a and b are dependent on mean air temperature (T) and the amount of precipitation (P) [5] [8] 
Model 8:
Collres-Pereira and Rabl [3] developed an analytical expression for the ratio of hourly to daily global radiation, where the coefficients a Table  1 .
RESULTS AND DISCUSSION
Above models can be used to calculate the regression coefficients without help of so much sophisticated and costly instruments. Because, we can evaluate the values just calculating the sunset hour angle (ω s ), which we can get from equation (1) . But, still we need long term data and other measurement of parameters for the particular location to use equation (1) . For this, we have tried to figure out another method to find out the regression / Angstrom coefficients. Basically, Angstrom coefficients are computed using observations of monthly average sunshine hours and day length. Because, values comes from these models are the most accurate. But this process requires a long term data for the particular locations which is practically difficult. So, we have to consider two ways-either use costly instruments to measure the different parameter of solar geometry or use any established mathematical models like model 8 or model 3 and 4. We find that results from Model 8 are the most acceptable considering all of our instrumental limitations. Some results obtained from model 8 are shown in Table 2 . The variation of a and b over the year have shown in the graph (Fig. 1) 
